Clarithromycin-resistant Helicobacter pylori (CRHP) is increasing worldwide, especially in children. We report a family case in which both the mother and child were infected with CRHP. DNA analysis revealed that all of the mother's and daughter's isolates were indistinguishable, suggesting that the same CRHP strain spread between the family members. The spread of CRHP within families may be increasing.
The 40-year-old mother in a family living in Shiga, Japan, had experienced epigastralgia since elementary school. She was determined to be Helicobacter pylori infection positive by a 13 C-urea breath test in 2002. Endoscopy was performed in 2002, and she was diagnosed with superficial gastritis and was confirmed to be H. pylori positive by culture examinations. Although there was no history of H. pylori eradication treatment, the mother's H. pylori strains were resistant to clarithromycin. Her 41-year-old husband was H. pylori infection negative by a 13 C-urea breath test in 2002, and again there was no history of H. pylori eradication. The 10-year-old daughter had experienced epigastralgia since 2000. She was admitted to a hospital because of severe epigastralgia and was determined to be H. pylori infection positive by a 13 C-urea breath test in 2001. Treatment with a combination of anti-H. pylori agents (clarithromycin and amoxicillin) and a proton pump inhibitor (lansoprazole) was performed twice in 2001, but the treatment failed, as evidenced by a 13 C-urea breath test. Endoscopy was performed in 2002, and she was diagnosed with superficial gastritis. Culture examinations confirmed her H. pylori-positive status. The daughter's H. pylori strains were resistant to clarithromycin.
H. pylori infection is closely associated with gastritis and peptic ulcers and is a bacterial risk factor for gastric cancer (7, 9) . For eradication of H. pylori, combination therapy with an anti-acid agent (a proton pump inhibitor or H 2 blocker) and one or two anti-H. pylori agents (such as clarithromycin, amoxicillin, or metronidazole) has been recommended (8) . Drug resistance has been reported for strains from adults. For clarithromycin, the primary rate of resistance is relatively low, less than 10% in many cases (12, 18) , although failure to eradicate the infection with clarithromycin treatment results in extremely high rates of resistance (68%) (2, 16) . In our previous study, a strikingly high primary rate (42.9%) of clarithromycin resistance was demonstrated in H. pylori strains from Japanese children, in marked contrast to those from their parents (none of them were resistant to clarithromycin) (14) . Therefore, we decided to investigate a family case in which both the mother and child were infected with clarithromycin-resistant H. pylori.
Antrum and corpus biopsy specimens were obtained from the mother and daughter, and one each was examined for H. pylori. H. pylori was cultivated from both sites (antrum and corpus) in both the mother and the daughter. Fifteen colonies each (a total of 30) for the mother and 10 colonies each (a total of 20) for the daughter, that developed after primary cultivation of each biopsy specimen, were stored at Ϫ80°C. To determine whether the mother's and daughter's H. pylori isolates were the same, all of the H. pylori isolates were characterized by rRNA gene restriction pattern analysis (ribotyping) with the restriction endonuclease HindIII or HaeIII as described previously (15) and by arbitrarily primed PCR (AP-PCR) analysis with commercially available primers (Amersham Biosciences Corp.). Ribotyping analysis revealed that all of the mother's and daughter's isolates were identical to each other. The representative data are shown in Fig. 1A (lanes 1 and 2 for HindIII digestion and lanes 4 and 5 for HaeIII digestion). All of the mother's and daughter's isolates also had the same amplicon pattern in AP-PCR analysis, as shown in Fig. 1B (lanes 1 and 2 for primer 1, lanes 4 and 5 for primer 2, lanes 7 and 8 for primer 5, and lanes 10 and 11 for primer 6). In addition, when the virulent genotypes of H. pylori were examined by PCR as described previously (3, 6, (19) (20) (21) , all of the mother's and daughter's isolates were genotypically indistinguishable for ureA, cagA, cagE, vacA s1c and m1, iceA2, and babA2, as shown in Fig. 2 . Next, MICs were determined by the agar dilution method in accordance with NCCLS procedures (13) . All of the mother's and daughter's isolates were resistant to macrolides and susceptible to amoxicillin, metronidazole, and tetracyclines. The MICs of the antimicrobial agents against the isolates were 8 g/ml for clarithromycin, 64 g/ml for roxithromycin, Ն256 g/ml for azithromycin, 0.008 g/ml for amoxicillin, 0.5 g/ml for metronidazole, 0.13 g/ml for tetracycline, 0.25 g/ml for doxycycline, and 0.06 g/ml for mino-cycline. When the mother's and daughter's isolates were analyzed for the 23S rRNA gene sequence by PCR and sequencing (4, 14) , both isolates had the A2143G mutation.
In this study, at least 10 colonies from each primary H. pylori culture in the mother and daughter were examined, and all of the colonies selected were determined to have the same characteristics. Therefore, it was strongly suggested that the same clarithromycin-resistant H. pylori strain had spread between the family members. A most likely explanation for such intrafamilial infection is that, since children are at a high risk for H. pylori infection, the daughter was infected with her mother's clarithromycin-resistant H. pylori strain (and thus the treatment failed in the daughter). The reason why the mother carried a clarithromycin-resistant strain is not known (there was no history of H. pylori eradication treatment for the mother). However, the mother was probably infected for more than 20 years, and it is possible that the mother was treated with macrolides for infections other than gastritis, resulting in selection of clarithromycin resistance in H. pylori. Since the mother seemed not to have received macrolides in the last 10 years (since the birth of the daughter), the selection might have occurred around the birth of the daughter or before. 
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It is also possible that the daughter's clarithromycin-resistant H. pylori strain emerged because of treatment failure with an anti-H. pylori regimen that contained clarithromycin. In that case, the daughter's clarithromycin-resistant H. pylori strain might have been transmitted to her mother. In this household, the grandfather also seemed to be infected with H. pylori and seemed to be the likely source of H. pylori infection (his sample was not available for this study).
High rates of clarithromycin resistance in H. pylori strains from children have been reported in France (21%; reference 10), Spain (28.3%; reference 11), Portugal (44.8%; reference 1), Poland (23.5%; reference 5), and Mexico (21.6%; reference 17). However, since molecular analysis of drug-resistant H. pylori strains has not been reported, the precise reason for such high rates of clarithromycin resistance in children is not known.
In previous studies, we suggested that a history of clarithromycin use by a child (e.g., a children with otitis) caused the development of clarithromycin resistance in previously contracted H. pylori that originated from a parent (14) . This seemed to be the major reason for the strikingly high primary rate of clarithromycin resistance in H. pylori strains from Japanese children. In the intrafamilial infection cases in Japan, however, none of the H. pylori strains from the parents examined were resistant to clarithromycin.
This study demonstrated the molecular detection of intrafamilial clustering of clarithromycin-resistant H. pylori infections in a mother and child. We are currently studying another family in which a father and his daughter were infected with the same clarithromycin-resistant H. pylori strain (unpublished data). The spread of clarithromycin-resistant H. pylori within families may be increasing in Japan and may account for some portion of the strikingly high rate of clarithromycin resistance in H. pylori from Japanese children (46.7%, including the data in this study). Further studies on the possible spread of drugresistant H. pylori among family members are necessary. This study was supported by a Grant-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology, a grant from Research Fellowships of the Japan Society for the Promotion of Science for Young Scientist, and a Grant-in-Aid from the Niigata University Science Foundation, Japan.
